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AERODYNAMICCEWRACTERISTICSOFNACA0012AIRFOILSECTION

AT ANGLESOFATTACKFROM0°TO 183°

By ChrisC. (kLtzOS, HarryH. Heyson,
sndRobertW. I?oswinkle,Jr.

SUMARY

Theaerodynamiccharacteristicsofthe
beenobtainedat anglesof attackfrom

NACA0012airfoil.
0° to 180°.Data

section
were

obtainedata Remoldsnumberof1.8x 106withtheairfoilsurfaces
smoothandwith~oughnessappl.ie

t
attheleadingandtrailingedgesand

at a Reynoldsnumberof0.>x 10 withtheairfoilsurfacessmooth.The
testswereconductedintheLangleylow-turbulencepressuretunnelat
Machn~bersnogreaterthanO.1~.

. Afterthestallwiththeroundededgeoftheairfoilforemost,a
secondlift-coefficientpeskwasobtainedatan angleof attackof about
450;initialandsecondlift-coefficientpeakswerealsoobtainedwith8
thesharpedgeoftheairfoilforemost.Theapplicationofroughness
anda reductionoftheReynoldsnumberhadonlysmalleffectsonthe lift
coefficientsobtainedat singlesof attackbetween250and125°. A discon-
tinuousvariationof liftcoefficienttithangleof attackwasobtained
nearu angleof attackof l&P atthelowertestReyaoldsnuuiberwith
theairfoilsurfacessrcooth.

At a Reynoldsnumberof 1.8x 106,thedz~ coefficientatan aagle
of attackof I&)”wasabouttwicethatforanangleof attackofOO.
Thetisgcoefficiets obtainedat m angleof attackof 90°at a Reynolds

8nunberof 1.8x 10 were2.08and2.02tiththeairfoilsurfacesina
smoothandina roughcontition,respectively;thedragcoefficient
obtainedatan angleof attackof 90°anda Reynoldsnumberof0.>x 106
withtheairfoilsurfacess~othwas1.95.Thesevaluescomparefavorably
withthedragcoefficientof about2.0obtainedfromtheliteraturefor
a flatplateof infiniteaspectratioinclinednormalto theflow.

INTRODUXL’ON

.~
A rotary-wingaircraftinforwsrdflightencountersveryhighlocal

anglesofattackatinboardlocationsof theretreatingrotorblades.
b Thelocalangleof attackmaybe nearl~o wherethelocalrotational
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speedislessthantheforwardspeed.Inthepast,theoperationof
rotary-wingaircrafthasbeenlimitedtoratherlowvaluesoftheratio
of forwardspeedtotipspeedsothattheareaoftheveryhighangle-
of-attackregionhasbeensmall.Consequently,rathercrudeapproxima-
tionstotheactualairfoilcharacteristicsofthepat oftherotor
diskoperatingwithinthisregionhavebeenusedinrotary-winganalyses
withsatisfactoryresults.

Somerecenttrendstowardhigherforwardspeedsforrotary-wing
aircrafthaveresultedinimcreasesintheareaoftheveryhighangle-
of-attackregion,andtheforcescontributedby thisregionconstitute
a greaterpartofthetotalrotorforcesthaninthepast. Therefore,
airfoilcharacteristicsatveryhighanglesof attackmustbe available
inorderto mrive atdependableperformanceestimates.

Previousinvestigationshavebeenmadeoffinite-spanwingsthrough
wider=ges of angleof attack(forexample,refs.1 to 3); however,a
searchthroughtheliteratureforsimilartwo-dhensionaldatayielded
onlyonepaper,reference4, inwhichtheaerodynamiccharacteristicsof
theI?ACA001~airfoilsectionwereobtainedatanglesof attackfromOo
to lmo. Inordertoprovidesomeadditionaldata,a two-dimensional
investigationhasbeenmadeintheLangleylow-turbulencepressuretunnel “
of anNACA0012airfoilsectionforan angle-of-attackrangeextending
throughlti”.TheNACA0012atifoilsectionwasselectedbecauseit is
a comnonrotor-bladeairfoilsectionandbecauseitsthicknessratiois ●

appropriate,evenforhightip-speedrotors,fortheinboardpartofthe
blades.

A detailedpresentationoftheaerodynamiccharacteristicsofthe
NACA0012airfoilsectionat anglesof attackbelowthestallandfora
widerangeofReynoldsnumbersiscontainedinreference5. Thus, only
thesalientfeaturesofthepresentdataobtainedinthisangle-of-attack
rangearediscussedherein.Somepreliminary
investigationhavebeenrepntedinreference

resultsofthepresent
6.

sYMEm-s

cd sectiondragcoefficient

Cz sectionlift,coefficient

%/4 sectionpitching-momentcoefficientaboutquarter-chordpoint

R Reynoldsnumberbasedonairfoilchord

a sectionangleof attack
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APPNi/il?m,TESTS, ANDMELTHODS

Windtunnel.- ThepresentinvestigationwasmadeintheLangley
low-turbulence~ressuretunnel.Thetunnel,asusedinthepresenttests,
hada closed,rectsmgubrtestsectionwhichwas7.5feethighand3 feet
wide. Airwasusedasthetestmedium.

Model.- Thetwo-dimensionalmdel consistedoftheNACA0012air-
foilsection,thecoordinatesforwhichsrecontainedinreference5.
Themodelwasmachinedfromsolidsteel,hada chordof 6 inches,and
completelyspsnnedthe3-footdimensionofthetunnel.Themaximum
deviationofthemodelcoordinates,attheroundededgeoftheairfoil,
fromthespecifiedcoordinatesisbelievedto havebeen0.003inch.

Methodofmmntingmodels.-Themodelwassup~rtedinthetunnel
by a gimbalarrangementatoneendandby a multicomponentstrain-gage
balanceattheotherend. Thegimbalsrestrainedthemovementofthe
mdel intheliftanddragdirectionsbutdidnotrestraintherotation
of themodelinthepitchdirection.Thus,thebalancemeasuredapproxi-
matelyone-halftheliftanddrsgforcesandallthepitchingmoment.

Thegimbalarrangementandthebalancewerelocatedoutsidethe
tunnelwalls,andeachwassepmatedfromthemodelby a labyrhrbh-t~e
sealmuntedflushwiththeinsidesumfaceof thetunnelwall. Theseals
wereapproximately8 inchesindiameterandweredesignedtominimize
theeffectsof leakagethroughthenecesssrydeflectionclearmces.Data
obtainedatconditionsofmaximumliftandmaximumdragovera widerange
ofpressuredifferencesbetweentheinsideandoutsideofthetunneltidi-
catedthatleakagethroughthesealshad.nomeasurableeffectonthedata
presentedherein.A moredetaileddescriptionof a similarmodel-support
arrangementispresentedinreference7.

Tests.-‘Ibedataineachtestwereobtainedthroughan angle-of-
attackrsngeof about4.5°; thelimitswereestablishedby therotational
r-e oftheendplatestowhichthemodelwasattached.Anglesof attack
fromOoto 3600wereobtainedby attachz themodeltotheendplates
atvariousrotationallocations.Measurementsof lift,drag,andpitching
momentweremadeatagles of attackof 4°,or less,apart.

Testsweremadewiththemodelsurfacessmoth andwithroughness
appliedontheleadingandtrailingedgesofthemodel.Forthetests
withthemodelsurfacessmooth,thesurfaceswerepolishedto a high
degreeof smoothnesswhenthemodelwasinstalledinthetunnel.The
surfaceswerealsowipedcleanatthebeginningof eachtest. Forthe
testswithroughness,0.005-inch-diameterCarborundumgrainswerespread
overa surfacelengthequalto 8 percentofthechordmeasuredfromthe
leadingandtrailingedgesonboththeupperandlowersurfaces.The
grainswerespreadto coverfrom5 to 10percentofthissrea.
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,
themodelsurfacessmooth,datawereobtainedthroughanangle-
rangefromOo to 360°ata Reynoldsnumberofapproximately
andfrom00to l&1°ata Reynoldsnumberofapproximately

0.5X lob.Withroughnessappliedonthemodel,datawereobtainedthrough
anangle-of-attackrangefrom0° to lti”ata Reynoldsnumberofapproxi.
mately1.8x 106. ThestagnationpressureandtheMachnumberwere
1 atmosphereand0.15,respectively,inthetestsatthelowerReynolds
numberand4 atmospheresandO.E’,respectively,inthetestsatthe
higherReynoldsnumber.

Corrections.-Theoretic&d_lyderivedexpressionswereusedto correct
thelift,drag,andpitching-momentdatafortheeffectsofthesolid
blockagecausedby theconstrictionoftheflowpastthemodelandfor
thedistortionoftheliftdistributioncausedby theinducedcurvature
oftheflow. Correctionsto accountfortheeffectsoftheblockage
causedby thewakewereobtained&rommeasure~ntsofthepressureson
thewallsat a pointdirectlyaboveandata pointdirectlybelowthe
model.Detailsofthesecorrectionsarediscussedinreference8.

Precisionofmeasurements.-Theforceandmomentbeamsusedinthe
multicomponentstrain-gagebalanceemployedinthepresentinvestigation
weredesignedtogivemeasurementaccuracieswithinO.1percentoftheir
designmaximumloads.On thisbasis,theaccuraciesoftheforceand
momentcoefficientsareshowninthefollowingtable:

R= 0.5x 106 R= 1.8x 106

cl . . . . . . . ● . . . . . . . .* . . . . *().049 *O.017
cd..................... *O.016 *-).o~

cmc/4”” ””’” ”””” ””’” ”””” ”*o”017 to.oo6

Onthebasisofrepeatabilityofthedata,however,theaccuraciessre
believedtobe considerablybetterthanindicatedinthistable.

RESULTSANDDISCUSSION

Resultsat R = 1.8x 106 withairfoilsurfacessmooth.-Theaero-
dynamiccharacteristicsoftheNACA0012airfoilsection,asobtained
inthepresentinvestigationata Reynoldsnumberof1.8x 106withthe
airfoilsurfacessmooth,arepresentedinfigure1 foranglesofattack
from00to3600.

Amsximumsectionliftcoefficient,havinga valueof1.33(fig.1),
occursatan amgleofattackof about14°. A secondlift-coefficient
peak,havinga valueofl.1~,isshownatanangleof attackofabout45°.
Thesecondlift-coefficientpeakismuchlessabruptthantheinitialone.

.

●
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Aswouldbe expectedfora synunetricalairfoilsection,initialand
seco~dlift-coefficientpeaks,havingvsluesnegativetothoseobtained i

* at lkoandk50,me obtainedat ~“ and315°, respectively.Forthe J
shq edgeforemost,initialandsecondlift-coefficientpeskshaving
magnitudesof0.77 and1.07,respectively,alsooccur.

“

Theminimumvalueofthesectiondragcoefficient,althoughnot
shownclearlyinfigure1,wasfoundtobe about0.007withtheroumded 1
edgeforemost;however,tiththeshq e%e foremost)a ~~~ valueof
about0.014wasobtained.Eeyondthestall,thesectiondragcoefficient
increasedwithangleof attackuntila maximumvalueof2.08wasreached
atanglesof attackof w“ and270°.

Thesectionpitching-momentcoefficientisshowninfigure1 to
becomenegativeafterthestall(a= 14°)andto remainnegativeto
a= I@”. Thevariationofpitching-momentcoefficientwithangleof
attackisantisymnetricalaboutan angleof attackof l&lO.

Thevariationsoftheforceandmomentcoefficientswithangleof
attackimmediatelybeyondthestallme showninfigure1 tobe functions
ofthedirectionof changeof angleof attack;thedirectioninwhich.
theangleof attackwaschangedinthisregionisindicatedinfigure1
by srrows.As theangleof attackwasincreasedbeyondthestall,the

. liftcoefficientishigherandthedragcoefficientis lowerthanthe
valuesobtainedwiththeangleof attackdecreas~ fromsomehigher
angle.

Crossplotsof figure1 yieldedthedragpolsroffigure2(a)and
thepitching-momentpolarof figure2(b). Itmaybe notedinfixe 2(a)
thattheliftcoefficienthasa positivefinitevalueat an amgleof
attackof ~“ anda negativefinitevalueat270°.Thefi.uLtevalues
oftheliftcoefficientattheseanglesof attackcanprobablybe attrib-
utedto thefactthatsomeliftisbeingrealizedovertheroundededge
of theairfoil.Thefinitevalueofthepitching-momentcoefficientat
zeroangleof attackinfiguxe2(b)isprobablytheresultof a slight
asymmetryinthemodel.

Effectsof applyingroughnesssadofreducingtheReynoldsnmber.-
Theapplicationofroughnessatthele

v
andtrail~ edgesofthe

airfoilat a Reyaoldsnumberof 1.8x 10 isshowninfigure3(a)tohave
onlysmalleffectsontheliftcoefficientsobtainedat anglesof attack
from250to 125°.However,atthestallwiththeroundededgeofthe
airfoilforemost,theeffectofroughnesswastoreducethemimum Mft
coefficientfrom1.33to 1.07.Roughnessisalsoshownto reducethe

. initialandsecondlift-coefficientpetisobtainedwiththeshmp edge
foremostsndtoreduceslightlythelift-curveslopenesr a= l~”.

4 At singlesof attackfromOoto 1650,reducingtheReynoldsnumber
from1.8x 106to 0.7x 106withtheairfoilsurfacessmotb isshownto
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haveeffectsontheliftcoefficientsimilartothoseobtainedby the
applicationofroughness.However,ata Reynoldsnumberof0.5x 106,
theinitiallift-coefficientpeakobtainedwiththeshsz’pedgeforenmst
wasslightlyhigherthanthatobtainedata Reynoldsnumberof 1.8x 106.
Also,atthelowerReynoldsnumber,thevariationoftheliftcoefficient
withangleof attacknearanangleofattackof1800isquitedifferent
fronthatobtainedatthehigherReynoldsnumber.Detailsofthis~~ia.
tionarediscussedinthesubsequentsection.

Theapplicationofroughnessata Reynoldsnmnberof 1.8x 106is
shown(fig.3(a))toreducethebag coefficientat a . 900 froma
valueof2.08to 2.02;reducingtheReynoldsnumberfrom1.8x 106to
0.5x 106withtheairfoilsurfacessmoothresultsina reductionof
thehag coefficientat a= $X3°to a valueof 1.95.Thus,thesurface
conditionandtheReynoldsnumberareshowntohavea noticeableeffect
onthedragatanangleofattackof90°. Itmightbe expectedthatthe
lowerdragcoefficientsobtainedat a = 9°, tithroughnessorwith
thelowerReynoldsnumber,mightbetheresultofdelayedor incomplete
separationattheroundededge. Ifthiswerethecase,thelowerdrag
coefficientsshouldbe accompaniedby higherliftcoefficientsthanwere
obtainedforthehigherReynoldsnumberconditionwiththeairfoilsur-
facessmooth.However,thevalidityofthisexpectationcannotbe cor-
roboratedby thepresentresultssincethedifferencesintheliftcoef-
ficientsforthethreetestconditionsatanangleof attackof 90°are
smallandwithintheexperimental.accuracy.

Applicationof roughnessandreductionoftheReynoldsnumberare
showninfigurej(a)tohaveonlysmalleffectsonthepitching-moment
coefficients.

Theeffects(showninfig.3(a))ofreducingtheReynoldsnumber
andoftheapplicationof surfaceroughnessontheforceandmomentcoef-
ficientsforanangle-of-attackrangefrom-20to 32°arepresentedin
greaterdetailinfigure3(b);theseeffectssretypicalofwhathasbeen
obtainedwithmanyairfoilsectionsinthepastandthereforeme not
discussedfurther.

Detailsof liftcurvesnear a . 1830.-Theliftcurvesobtained
nesr ~ . lbo withthemodelsurfacessmooth(fig.j(a))arepresented
ingreaterdetailinfigure4. At a Reynoldsnumberof 1.8x 106
(fig.l(a)), theliftcoefficientis showmtobe a continuousfunction
of angleof attackthroughanangleof attackof l&)O.Thesmalldis-
continuityinliftcoefficientat a = 1820isprobablydueto small
angle-of-attackerrorsinaliningthemodelprevioustooneorbothof
thetestsinwhichdatawereobtainedatthisnominalangleofattack.

At a Reynoldsnumberof0.5x 106(fig.l(b)),itmaybe notedthat
notonlydoestheliftcoefficientappesrtobe a discontinuousfunction

.

.

.

.

t,
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ofangleof attack,butalsothediscontinuityoccursatanangleslightly
greaterthanl@O fortheincreasing~le of attackandat an angle
slightlylessthanl&)Oforthedecreasingengleof attack.Itmayalso
be notedthatsomedifferencesareevidentinthedataobtainedfromtwo
testsinwhichtheangleof attackwasticreasedfromdifferentangles
of attackbelowl~” to anglesof attackbeyondl~”. Thedataoffig-
ureA(b)indicatethatthehysteresiseffectpersistsallthewaytothe
stall.Compsrisonofthedataof figureA(b)withthoseof figureA(a)
indicatesthatIsxgervaluesof liftwe obtainedatthelowerReynolds
nuniberallthewayfromthediscontinuitytothestall.

me phenomenajustdescribedwerethoughttohavethefollowing
explanation:Withtheairfoilproducingpositiveliftnearm angleof
attackof l&)”,theflowovertheshsz’pairfoiledgeproducesa small
separatedflowregionontheuppersurface,afterwhichtheflowreattaches
to thesurface;thebomdarylayeristurbulentfromthepointof reattach-
menttothedownstreamseparationpoint.Onthelowerswfacethefavor-
ablepressuregradient,whichexistsonthesurfacefora greatdistance
fromtheupstreamedgeoftheairfoil,isconduciveto a laminsrboundsry
layerfromtheupstreamedgeoftheairfoilto theseparationpoint.In
theregionofthehighadversepressuregradientattherounded,downstream
edgeoftheairfoil,thelaninsrboundarylayeronthelowersurfacewould
be expectedto sepsrateat a moreupstreamlocationthantheturbulent
boundsrylayerontheuppersurface.Undersuchcircumstances,theflow
inthevicinityofthedownstreamed$eoftheairfoilwouldbe somewhat
similarto thatoveran airfoilhavinga smallpositiveflapdeflection.
Thesuddenchange(fig.k(b))frcmaneffectivepositiveflapdeflection
to aneffectivenegativeflapdeflectionwouldoccur,of course,when
theboundarylayeronthelowersurfacebecameturbulentandtheboundary
layerontheuppersurfacebecamelaminar.Thehysteresisshowninfig-
ureA(b)probablyresultsfromtheratherco~”licatedrelationshipbetween
thepressurefieldaroundtheairfoilandtheregionof separatedflow.
Separationpointsaredependentuponthedistributionof surfacepres-
sure;however,thepressuredistributioninturndependsnotonlyU&m
theboundsryshapeof theairfoilbutalsoupontheextentandlocation
oftheregionsof separation.

Onthebasisoftheprecedingexplanation,thepresenceofturbulent
boundsrylayersonboththeupperandlowersurfacesoftheairfoilshotid
eliminatethediscontinuityintheliftcurve.Theabsenceofthedis-
continuityata Reynoldsnumberof1.8x 106(fig.J(a))suggeststhat
trsmsitionhasoccurredonthesurfaceupstresmofthepointatwhich
lamin~separationtookplaceatthelowerReynoldsnumber(fig.J(b)).

In aneffortto obtainsomeadditionalinformationonthesephenomena,. liftdatanesr a = l&)O wereobtatiedat a ReynoldsnumberofO.~x 106 .
withroughnessontheleadingandtrailingedgesoftheairfoil.The

. purposeof appl@ngtheroughnesswasto establishturbulentboundsry
layersonbothairfoilsurfaceswhich,again,wouldbe expectedto
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eliminatethediscontinuityintheliftcurve.Theresultsobtainedwere
ratherinconclusive,however,inthatsomeof theeffective-flapeffects
werestilletidentinthedata.Tleroughnessinthisexperimentwas
thesameasthatusedinthepreviouslydiscussedtestsatthehigher
Reynoldsnumber,andthepossibilityexiststhatthissizeofroughnese
atthelowerReynoldsnuniberwasinsufficientto causecompletetransi-
tionto a turbulentboundsrylayeronbothsurfaces.

Comparisonofpresentresultswiththoseobtainedinotherfacili-
ties.-ThepresentresultsobtainedtiththeNACA0012airfoilsection
~he Langleylow-turbulencepressuretunnel(LangleyLTPT)arecompared
infigure5 withhithertounpublisheddataobtainedwiththeNACA0012
airfoilsectionintheLangleynO MPH7-by 10-foottunnel(Langley7 x 10)
andwithdatafromreference4 obtainedwiththeNACA0015airfoilsection.

Thedataofthepresentinvestigation,showninfigure5,were
obtainedata Reyaoldsnumberof1.8x 106withtheairfoilsurfaces
smooth. Curvesareshownforthedataasobtained(uncorrectedfortunnel-
walleffects),correctedfortunnel-walleffectsby themethodofrefer-
ence8 (samedataas infig.1),andcorrectedfortunnel-walleffects
by theequationsof referehce9. Applicationofthetunnel-wallcorrec-
tionsof eitherreference8 or9 tothepresentliftanddragdatais
showninfigure5 toyieldessentiallythesameresultevenforthedrag
coefficientatem angleof attackof 90°.

TheinvestigationintheLangley>0 MFH7-by 10-foottunnelwas
madeata Reynoldsnumberof 1.36x 106anda Machnumberof about0.20.
Thel-foot-chordmodelusedinthesetestscompletelyspannedthe7-foot
dhewion ofthetunnelsothattheratioofairfoilchordto tunnel
heightwas1.5timestheratioforthepresentinvestigation.The
Langley300MPH7-by 10-foottunneldatawerecorrectedby theequations
ofreference9 andthecorrecteddata,asshowninfigure5,sreingood
agreementwiththecorrecteddataofthepresentinvestigation.

Thetestsofreference4 weremadeata Reynoldsnumberof 1.23x 106
witha 1.5-foot-chordNACA0015airfoilsectionspsmningtheshorterdimen-
sionof a 2.5-by 9-foottunnel.Theindicatedairspeedofthetestsis
statedinreference4 tohavebeen@ filesperhour;thelift~d ~43
characteristicsweredeterminedfrombothforceandpressuremeasurements.
Onlytheresultsoftheforcemeasurementarepresentedinfigure5. A
conclusion,basedon SOmeexperiments~d ass~ptions~wasreachedin
reference4 thattunnel-wallcorrectionstothedatapresentedtherein
wereunnecessary.

.

.

TheliftanddragcoefficientsfortheNACA0015airfoilsection
asobtainedinreference4 me showninfigures5(a)and5(b)tobemuch
lessthsmthosefortheNACA0012airfoildiscussedpreviously.The
differencesinthedataobtainedwiththetwosectionsappeargreater
thancouldbe attributedto a changeinthicknessratiofrom12to 15per- ‘
cent.Useofthepressuremeasurementsfromreference4 forthecomparisons
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wouldyieldnobetteroverall
yieldpooreragreementinthe

agreementinthelift
dragvariationssince

9

variationsandwould
thefrictiondrag

wouldnotbe included.Applicationoftunnel-wallcorrections(for
example,thoseofref.9)-%uldresultinevengreaterdisparityinthe
dataobtainedwiththetwosections.

Thedragcoefficientfora flatplateof infiniteaspectratio
inclinednormaltotheflowisfoundintheliterature(forexample,
refs.10to 13)tobe verynearly2.0. Thisvaluecomparesfavorably
withthedragcoefficientsobtainedinthepresentinvestigationwith
theairfoilatan angleof attackof 90°.

Thedataofreference10 showa markedeffectof aspectratioon
thedragofa flatplateat a= w“. Forexample,thedragcoefficient
of a flatplatehavingan aspectratioof 20 is showntobe aboutI-.48
in comparisonwiththetwo-dimensionalvalueof 2.0. Aspointedoutin
reference6,thisresultemphasizesa basicquestion,notyetresolved,
astohowtwo-dimensionaldatashouldbe appliedto a rotatingwingfor
thosecasesinwhichtheflowoveronesurfaceischaracterizedby exten-
siveregionsof separation.

CONCLUSIONS

Thefollowingconclusionsmaybe maderegardingtheresultsof sm
investigationoftheaerodynamiccharacteristicsoftheNACA0Q12air-
foilsectionatanglesof attackfromOoto l~”:

1.Afterthestallwiththeroundededgeoftheairfoilforenmst,
a secondlift-coefficientpeskwasobtainedatansingleof attackof
about450. Initialmd secondlift-coefficientpeakswerealsoobtained
withtheshsrpedgeoftheairfoilforemost.Thevaluesof thelift
coefficientattheinitialandsecondpeakswiththeroundededgeof
theairfoilforemostandattheinitialmd secondpeakswiththeshsrp
edgeforemostwere1.33,1.17,0.77,and1.07,respectively,at a Reynolds
numberof 1.8x 106withtheairfoilsurfacessmooth.

2.A smallfinitevalueoftheliftcoefficientobtainedat an sngle
of attackof ~“ wasprobablytheresultofrealizingsomeliftoverthe
roundededgeoftheairfoil.

3. Applicationof surfaceroughnessattheleadingandtrailimg
edgesandreductionoftheReynoldsnumberhadonlysmall.effectson the
liftcoefficientsobtainedatsinglesof attackbetween25°and125°.

4. At a Reynoldsn~ber of0.5x lb ~th thea~foils~faces
smooth,a disco~tinuousvariationof liftcoefficientwithsingleof
attackwasobtainednearanangleof attackof 18P; thisresultis
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believedtohavebeencausedby a differenceinthechordwiselocations
of theseparationpointsontheupperandlowersurfaces.

~.At a Reynoldsnumberof 1.8x 106withtheairfoilsurfaces
smooth,thesectiondragcoefficientatanangleofattackof l~” was
abouttwicethatatanangleof attackofOO.

6.Thedragcoefficientsobtainedatanangleof attackof 90°and
a Reynoldsnumberof 1.8x 106were2.08and2.02withtheairfoilsur-
facessmoothandrough,respectively;thedragcoefficientobtainedat
ansagleofattackof$X)”ata Reynoldsnwiberof0.7x 106withtheati-
foilsurfacessmothwas1.95.Thesevaluesconqmrefavorablywiththe
dragcoefficientof about2.0obtainedfromtheliteraturefora flat
plateof infiniteaspectratioinclinednormaltotheflow.

7.Thequarter-chordpitching-momentcoefficientbecamenegative
afterthestallandremainednegativeuntilanangleof attackof l~”
wasreached.

8.Thedataofthepresentinvestigationwerefoundtobe ingood
agreementwithresultsobtainedwitha differentmodelofthesameair-
foilsectioninanotherfacilitywheretheratioofairfoilchordto

.

tunnelheightwas1.7timeslargerthanthatforthepresentinvestigation.
.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October11,1954.
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Fi&wY 1.- Aer@rnm3-c Charactirist’icfiofNACA 00J2 airfoil section.

R = 1.8 x l&; airfoil surfaces smoth. i3@Jols for data points are
shown in flgore 5.
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Figure 2.- Variations of section drag and pitching-moment coefficients with

section lift coefficient for NACA (X)12airfoil section. R= 1.8x 106;
airfoil surfaces srmoth.
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Figure2.-Concluded.
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(a) An@.. of attack from -2° to 182°.

Figure 3.- Effect of Reynolds number and surface conditions on aerodynamic
characteristics of NACA 0012 airfoil section.
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attackof180°.
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